The number of times an article has been cited in the peer-reviewed literature is indicative of its impact on its respective medical specialty. No study has used citation analysis to determine the most influential studies pertaining to the anterior cruciate ligament (ACL). The primary aims of this study were to identify the classic works in ACL research using citation analysis and to characterize these articles to determine which types of studies have had the most influence on the field. A systematic query of ISI Web of Science (Thomson Reuters, Philadelphia, Pennsylvania) was performed for articles pertaining to the ACL, and the 50 mostcited articles were selected for evaluation. The following characteristics were determined for each article: number of citations, citation density, journal, publication year, country of origin, language, article type, article subtype, and level of evidence. The number of citations ranged from 219 to 1073 (mean, 326), and the citation densities ranged from 4.9 to 55.6 citations per year (mean, 18.2). All articles were published in 1 of 11 journals, with the most being published in The American Journal of Sports Medicine (46%) and The Journal of Bone and Joint Surgery American (30%). The most common decades of publication were the 1990s (34%), 1980s (28%), and 2000s (26%). The majority (68%) of articles originated from the United States, and all were written in English. By article type, 42% were basic science, and 58% were clinical. Of the clinical articles, 3% were Level I, 17% were Level II, 28% were Level III, and 52% were Level IV. The articles were heterogeneous with regard to article type, article subtype, and level of evidence and tended to have the following characteristics: highimpact journal of publication, recent publication year, US origin, English language, and low level of evidence. These works represent some of the most popular scientific contributions to ACL research. This list may aid residency and fellowship programs in the compilation of articles for trainee reading curriculums. [Orthopedics. 2015; 38(4):e297-e304.] The authors are from the
T he number of times an article has been cited in the peer-reviewed literature (citation number) and the frequency of these citations (citation density) are markers for the article's impact on its respective specialty. 1 Although citation number and density do not directly assess the quality of a study, they do shed light on its readership and its potential to inspire change in practice. As such, several authors have used citation analysis to identify classic influential works in a given area of medical expertise. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] With regard to the orthopedic literature, Lefaivre et al 9 identified the 100 most-cited articles in orthopedic surgery using citation analysis. The classic works on this list spanned all orthopedic subspecialties. 9 Other authors have used similar techniques to identify the most cited works in orthopedic subspecialties, including shoulder surgery, 14 pediatric orthopedic surgery, 15 and fracture surgery. 16 However, to the authors' knowledge, no authors have published on the most cited works pertaining to a particular clinical problem in orthopedics. Specifically, no study has used citation analysis to determine the most influential studies related to the anterior cruciate ligament (ACL). The purposes of this study were to identify the 50 most-cited articles that pertain to the ACL and to characterize these works to determine which types of articles have had the most influence on the field.
Materials and Methods
The authors performed a systematic query of the ISI Web of Science (v5.11; Thomson Reuters, Philadelphia, Pennsylvania) using the Advanced Search tool on April 12, 2013 . They searched for all published articles with a topic listed as anterior cruciate ligament, ACL, or knee ligament. The retrieved articles were then sorted in order of the number of citations, and the 50 most-cited articles were selected for analysis. The full texts of each of these articles were individually scrutinized by 2 authors to ensure that they contained material related to the ACL. After meticulous evaluation, all 50 articles were deemed to appropriately pertain to the ACL. The authors' query technique was identical to that used in previous analyses of orthopedic literature, 9, [14] [15] [16] with the exception that the authors expanded their search to include all journals, not just those listed under the Web of Science Subject Category of "Orthopedics." The following characteristics were then recorded for each of the 50 most-cited articles: citation number, citation density, journal, publication year, country of origin, and language. In addition, 2 independent evaluators characterized each article by type (basic science vs clinical), subtype (basic science subtypes: animal studies, anatomic studies, biomechanical studies; clinical subtypes: review articles, technique articles, case series, case-control studies, prospective cohort studies, randomized controlled trials, and meta-analyses), and level of evidence for clinical articles. Level of evidence was determined using the classification system jointly developed by The Journal of Bone and Joint Surgery and the American Academy of Orthopaedic Surgeons. 17 Interobserver agreement for all subjective variables was excellent: 100% for article type, 100% for article subtype, and 98% for level of evidence. All discrepancies between authors were resolved by consensus. The results were then analyzed to determine which characteristics were most common among the 50 most-cited articles.
results
The 50 most-cited articles pertaining to the ACL had citation numbers ranging from 219 to 1073 citations (mean, 326) and citation densities ranging from 4.9 to 55.6 citations per year (mean, 18.2) ( Table 1) . The 2 articles with the greatest number of citations were "Rating systems in the evaluation of knee ligament injuries" by Tegner et al 18 (1073 citations) and "Evaluation of knee ligament surgery results with special emphasis on use of a scoring scale" by Lysholm et al 19 (943 citations). Interestingly, these were the only 2 articles that introduced instruments for outcome evaluation. The article with the greatest citation density was "Biomechanical measures of neuromuscular control and valgus loading of the knee predict ACL injury risk in female athletes" by Hewett et al 20 (55.6 citations per year). All of the top 50 articles were published in 1 of 11 journals ( (Figure 1) . Of the 50 mostcited articles, those published in the 1980s had the greatest mean number of citations (421) by decade (Figure 2) . On the other hand, mean citation density increased with each successive decade (Figure 3) , with the top 50 articles published in the 2000s having the greatest mean citation density (30.7).
The 50 most-cited articles originated from 10 countries ( Table 3 ). The majority (68%) originated from the United States, and all of the top 50 articles were written in the English language. The only individual with lead authorship for 3 different articles on the top 50 list was FR Noyes, whereas DM Daniel, JC Hughston, LS Lohmander, KL Markolf, and KD Shelbourne each had lead authorship on 2 of the articles on the list.
By article type, 42% were basic science and 58% were clinical. There was a wide variety of article subtypes ( Table 4) , but the most common was basic science biomechanical studies (32%). Of the 29 clinical articles, more than half (52%) had Level IV evidence, while the remaining had Level I (3%), Level II (17%), or Level III (28%) evidence ( Table 5) . 
The number of times an article has been cited in the peer-reviewed literature is indicative of its impact on its respective specialty. The current study identifies the 50 most-cited articles pertaining to the ACL. This list represents some of the most popular works published on the subject. Although citation number and density are important markers for an article's impact on a medical specialty, they are not the only such measures. As such, the authors' list of the 50 most-cited articles pertaining to the ACL is not exclusive-there are certainly several articles not on the list that have had a significant impact on the field. Nevertheless, the list does successfully identify many of the classic studies that have advanced the understanding of the anatomy and biomechanics of the ACL, as well as the diagnosis, management, and prognosis of ACL injuries.
After identifying the 50 most-cited articles pertaining to the ACL, the authors analyzed the characteristics of these studies. They found that the 2 most cited articles 18, 19 were the only 2 articles that introduced instruments for outcome evaluation. Outcome evaluation tools are (cont'd) 
Number of Top 50 Anterior Cruciate Ligament Articles by Source Journal

Source Journal No. of Articles
The American Journal of Sports Medicine 23
The Journal of Bone and Joint Surgery-American 15
Journal of Orthopaedic Research 3
Arthroscopy 2
Arthritis and Rheumatism 1
Biomaterials 1
Clinical Journal of Sport Medicine 1
Clinical Orthopaedics and Related Research 1
The 
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Copyright © SLACK inCorporAted n Feature Article extremely useful in providing objective measurements to assess the efficacy of a given intervention. A study that introduces and validates an effective outcome evaluation instrument is likely to be cited repeatedly-whenever that particular instrument is used in another study. Lefaivre et al 9 found that the most cited article in orthopedic surgery introduced Harris Hip Scores, 21 and Namdari et al 14 found that the most cited article in shoulder surgery introduced Constant scores. 22 It is consistent with these findings that the outcome evaluation tools introduced by Tegner et al 18 and Lysholm et al 19 have been cited so frequently in the ACL literature.
The majority of the top 50 mostcited articles list were published in AJSM (46%) or JBJS-A (30%). Indeed, articles published in these 2 journals tend to have a high impact. The annual Thomson Reuters Journal Citation Reports rank journals according to impact factor, which is a measure of the frequency with which the average article in a particular journal has been cited in a certain period of time. 23 According to the 2012 version of this report, of the 65 journals in the subject category of Orthopedics, AJSM was ranked first (impact factor: 4.439) and JBJS-A was ranked third (impact factor: 3.234). 23 Consistent with these findings, Siebelt et al 24 found that AJSM was the specialized orthopedic journal with the greatest impact factor, whereas JBJS-A was the general orthopedic journal with the greatest impact factor. However, it is important to keep in mind that citation number and density for articles, as well as impact factor for journals, can be affected by self-citation rates. 25 Hakkalamani et al 26 found that, of the 7 general orthopedic journals that they examined, JBJS-A had the greatest self-citation rate, with more than 40% of JBJS-A references being made to other JBJS-A articles. The most common decades of publication for the 50 mostcited articles were the 1990s (34%), 1980s (28%), and 2000s (26%). Therefore, although older articles pertaining to the ACL have had more time to accumulate citations, it seems that more recent articles on the subject have generally had a greater impact. Furthermore, the current authors found that mean citation density increased with each successive decade, with the articles published in the 2000s having the greatest mean citation density (30.7). These findings are in stark contrast to the study by Lefaivre et al, 9 which identified the 100 most-cited articles in orthopedic surgery. They found that the 1980s had the greatest number of top 100 articles, with more than twice as many articles as any other decade. 9 They also found that mean citation density was greatest in articles published in the 1940s, 1960s, and 1970s. 9 These differences reflect the fact that the community's understanding of the anatomy and biomechanics of the ACL and of the diagnosis, management, and prognosis of ACL injuries is relatively re- 6 and orthopedic surgery. 9 Potential explanations for this finding may be that (1) more studies in general originate from the United States than from any other nation, (2) studies from the United States are more likely to have a greater impact, or (3) authors from the United States have an advantage in publishing in high-impact journals. This advantage may be due to inherent language barriers encountered by foreign authors who are attempting to publish their work in high-impact journals, which tend to be published in the English language. In this regard, English-speaking authors may possess a substantial advantage over their counterparts. The current study found that all of the top 50 articles were written in the English language. However, it should be noted that ISI Web of Science only includes a limited number of journals in languages other than English. Therefore, this investigation may have excluded influential articles published in foreign languages, as well as citations from articles published in foreign languages.
The authors found a fairly even split between basic science (42%) and clinical (58%) articles within the 50 most-cited ACL articles. Lefaivre et al 9 demonstrated a less even breakdown of the top 100 articles in orthopedic surgery (24% basic science vs 76% clinical). In addition, studies analyzing the classic articles in other fields also found a dominance of clinical studies over basic science studies. 6, 8, 12, 13 Therefore, it seems that basic science ACL studies are more likely to be classic articles than basic science studies in other medical fields. In support of this notion, the current authors found that the most common article subtype among the 50 most-cited ACL articles was not a clinical subtype, but rather basic science biomechanical studies (32%).
When looking at just the clinical articles in the top 50 list, 52% had Level IV evidence, whereas the remaining had Level I (3%), Level II (17%), or Level III (28%) evidence. Samuelsson et al 27 examined the level of evidence of all therapeutic studies written in English published from January 1995 to August 2011 that reported on isolated primary ACL reconstruction with clinical outcome measurements. Consistent with the results of the current study, Samuelsson et al 27 found that the most common level of evidence encountered in their search was Level IV (33.7%). Furthermore, the orthopedic citation analyses by Lefaivre et al, 9 Baldwin et al, 15 Baldwin and Namdari, 16 and Namdari et al 14 also demonstrated a preponderance of Level IV studies among the classic articles identified within all of orthopedics and various orthopedic subspecialties. Because the concept of evidence-based medicine is relatively new, it is possible that higher level studies will infiltrate the top 50 list over time. In support of this notion, Samuelsson et al 27 demonstrated a significant trend toward higher mean level of evidence over time. In addition, the current study found that higher level studies on the top 50 most-cited list tended to be published more recently. It will be interesting to study the changes in level of evidence frequencies that occur as ACL research matures. Nevertheless, there will likely always be a role for classic ACL studies, even those that are based on Level IV evidence.
This study has several weaknesses. First, the authors arbitrarily selected to identify the top 50 most-cited articles pertaining to the ACL. There are certainly classic and influential articles that may not fall in the top 50. They selected 50 because this is a reasonable number of articles to include in a resident or fellow reading curriculum and because previous analyses of orthopedic subspecialty literature used the same number. 14, 15 Second, citation number and density may be affected by confounding factors, such as author self-citation, journal self-citation, exposure time, and journal impact factor. The authors encourage further study of these factors and how they affect frequency of citation. Third, they only included citations from published articles; they did not include citations from lectures, presentations, textbooks, or other non-peerreviewed literature. As such, the authors may have missed out on certain classic articles or teaching references that tend to be more frequently cited in these venues. Fourth, as proposed in the article by Lefaivre et al, 9 some articles may be subject to a "snowball effect" of citation, where they are repeatedly cited because of previous citations rather than for their quality or content. Others may be cited simply because they include well-known authors or authors who sit on editorial boards or serve as peer reviewers. In addition, others may be cited frequently because they address timely and popular topics. These biases may result in inflated citation rates that do not truly reflect influence on the field. Fifth, the study does not address conflicts of interests, which can potentially introduce bias, and the influence of conflicts of interests on citation rates. Finally, citation number and density are only 2 measures of the impact of an article. Therefore, the authors' list of the top 50 most-cited ACL articles is not exclusive.
conclusion
This study identifies the 50 most-cited articles pertaining to the ACL: classic works that have greatly influenced the community's understanding of the subject. This list may aid residency and fellowship programs in the compilation of articles for trainee reading curriculums. In addition, this investigation identifies characteristics that are common and varied among these 
